Recent data demonstrate a structural and functional conservation of factors crucial for the development of the insect and the vertebrate eye. We isolated Xenopus siah-2, a protein with 67% identity to Drosophila sina (seven in absentia) and 85% identity to the mouse and human siah-2 proteins. Sina is required in Drosophila for the R7 photoreceptor cell formation during eye development, because it down regulates proteins that inhibit R7 differentiation via the ubiquitin/proteasome pathway. Nothing is known about the developmental function of the siah protein in vertebrates. We show that in Xenopus siah-2 is expressed maternally and is later restricted to the brain, spinal cord and the developing and mature eye. To demonstrate that the vertebrate factor participates in the process of eye formation we over expressed Xsiah-2 during Xenopus development and observed the formation of a small eye phenotype. The vertebrate counterpart of a C-terminal loss of function sina mutant, that causes a de®ciency of the R7 photoreceptor cells in Drosophila, induces in Xenopus also smaller eyes. The small eyes are characterized by a reduced size of the lens, the retina and the pigmented epithelium. As this phenotype has been also described for ies expressing sina ectopically, the data demonstrate the functional and structural conservation of Xsiah-2 and sina in metazoan eye development. q
Introduction
DCoH/PCD is a coactivator of the homeobox transcription factor HNF1 family, that regulates many genes in liver, kidney, stomach and pancreas (Mendel et al., 1991) . Apparently unrelated to this transcriptional function the protein is also an enzyme involved in the regeneration of tetrahydrobiopterin, the electron donor used by the nitric oxide synthase and the aromatic amino acid hydroxylases (Citron et al., 1992; Tho Èny et al., 2000) .
To identify novel interaction partners of DCoH/PCD we used a yeast two hybrid approach and cloned the Xenopus homologue of the Drosophila seven in absentia (sina) due to its physical interaction with DCoH/PCD. The sina gene encodes a RING-®nger containing nuclear protein that is absolutely required for the formation of the R7 photoreceptor cells during development of the eye and other sensory structures of the¯y (Carthew and Rubin, 1990) . In the absence of sina the R7 photoreceptor cells are transformed into non-neuronal cone cells and the other photoreceptor cells R1±R6 fail to terminate differentiation. Recent studies demonstrated that sina is involved in down regulation of the transcription repressor tramtrack, the inhibitor of neuronal cell fate determination, that is normally found in cone cells but not in photoreceptor cells (Li et al., 1997; Tang et al., 1997) . It has been shown that sina targets tramtrack in the presumptive photoreceptor cells for the rapid ubiquitin/ proteasome dependent degradation, thus permitting neuronal differentiation (Li et al., 1997; Tang et al., 1997) .
In the mouse three highly related proteins, siah-1A, siah-1B and siah-2, with homology to the Drosophila sina have been identi®ed (Della et al., 1993) and siah-1 and -2 are also described in humans (Holloway et al., 1997; Hu et al., 1997a) . Sina as well as the mammalian homologues siah form dimers and oligomers via their C-termini and are characterized by a conserved RING-®nger domain necessary for protein degradation (Hu and Fearon, 1999) . In contrast to sina there are no data about the developmental function of its vertebrate counterparts, as they have been identi®ed in different contexts: siah-1 was cloned as a target activated by p53 in human and murine Relaix et al., 2000) cancer cells and identi®ed during apoptosis in the intestinal epithelium . In addition constitutively elevated levels of siah-1 expression are restricted to human cancer cells selected for suppression of their tumorigenic phenotype and inhibit cell growth and division (Matsuzawa et al., 1998; Bruzzoni-Giovanelli et al., 1999) . In contrast siah-2 has not been linked to any function in cell cycle or apoptosis , but has been shown to interact with various cellular partners. Among these are DCC, a transmembrane receptor (Hu et al., 1997b) , the RacI-GDP/GTP exchanger vav and N-Cor, the corepressor of the nuclear receptor (Zhang et al., 1998) . DCC and N-Cor but not vav are subjected to sina mediated ubiquitin dependent protein degradation. These data demonstrate that the vertebrate siah proteins ful®l several independent cellular functions with different partners, a characteristic shared by the multifunctional factor DCoH/PCD.
As many factors involved in eye formation during development are functionally and structurally conserved between Drosophila and vertebrates (Gehring and Ikeo, 1999) , we analyzed whether Xenopus siah-2 might be involved in vertebrate eye development. Here we describe the isolation, temporal and spatial expression pro®le as well as the overexpression phenotype of Xsiah-2 in Xenopus.
Results

The siah-2 proteins from Xenopus and mammalia are 85% identical
To identify new cellular partners of DCoH/PCD, the cofactor of the HNF1 homeobox transcription factors, we performed a yeast two hybrid approach using DCoH/PCD as a bait. Among several other cDNAs cloned from a oocyte cDNA library one partial cDNA revealed 77% identity over 170 bp to the 3 H terminus of the Drosophila sina cDNA (Carthew and Rubin, 1990) . This fragment was used to screen the cDNA library and we isolated two overlapping clones from the same cDNA (1.2 and 2.2 kb). Fig. 1A shows the open reading frame of the longer clone encoding a 313 amino acid protein which has an overall identity of 66% to the Drosophila sina protein, indicating that we have isolated the Xenopus sina homologue.
In contrast to Drosophila in mammalia several sina variants exist. Siah-1A and B as well as siah-2 are known in the mouse (Della et al., 1993) and the corresponding siah-1 and -2 cDNAs are described for humans as well (Holloway et al., 1997; Hu et al., 1997a) . The comparison of the different siah proteins (Fig. 1A) shows that the sequence differences are concentrated in the N-terminus (1±68), whereas the C-terminus is more highly conserved among the species and between the isoforms. The homology among all vertebrate variants in the C-termini is about 95%, while in the N-termini only 58% identity is found between the Xenopus and the mammalian siah-2 proteins. In this region no signi®cant sequence identity (18%) to the shorter siah-1 proteins and to sina (25%) is found. The overall homology of 85% between the Xenopus and the mouse or human siah-2 protein is thus higher than the identity to the siah-1 variants and the isolated cDNA is called Xsiah-2.
The siah/sina proteins contain three domains that are entirely conserved (Fig. 1B) : the RING-®nger domain (68±104), a cysteine rich region (149±164) and a putative nuclear localization signal (244±256). The RING-®nger consists of a characteristic order of cysteine and histidine residues binding two zinc atoms (for a review see Freemont, 2000) . Recent data implicate a common function of the RING-®nger domain occurring in many proteins that is linked to protein degradation via the ubiquitin/proteasome pathway (Lorick et al., 1999; Freemont, 2000) . In fact the RING-®nger domain of the siah-2 proteins is absolutely required for the ubiquitin mediated protein degradation of its interaction partners N-Cor and DCC (Hu et al., 1997b; Zhang et al., 1998) . The function of the cysteine rich sequence and the role of the NLS are unknown.
Xsiah-2 is localized in the cytoplasma of NIH3T3 cells after transfection
To express Xsiah-2 in transfected cells we constructed an expression vector encoding Xsiah-2 fused to a (histidine) 6 tag. The protein is detectable using the a-his antibody in transfected NIH3T3 cells and it is restricted to the cytoplasm ( Fig. 2A, left panel) . No Xsiah-2 speci®c signals are visible in the nucleus, though the protein contains a consensus nuclear localization signal (see Fig. 1 ). Western blotting of the cell extracts reveal a single immunoreactive protein of the predicted molecular mass (34 kDa), con®rm-ing the full length of the protein. We next tested the expression and subcellular localization of a C-terminal deletion construct called Xsiah-2DC (see Fig. 1B ). This mutant, characterized by a premature stop codon in position 206, was constructed as it corresponds to the Drosophila mutation in the sina gene that leads to the de®ciency of the R7 photoreceptor cells of the ommatidium eye (Carthew and Rubin, 1990) . The Xsiah-2DC deletion is also localized in the cytoplasma ( Fig. 2A , right panel). As the¯uorescence seemed to be more intense in many cells (data not shown), we asked whether the expression of Xsiah-2DC was more effective than the expression of the wild type protein. Using Western blots we estimated the relative protein amounts in extracts of transfected cells to be at least a 10-fold higher for the truncated protein (Fig. 2B ). As both cDNAs are in an identical promoter context we suppose an enhanced stability of the mutant protein lacking the C-terminus. The cytoplasmic localization of Xsiah-2 seems to be independent of the recipient cell line as the same distribution was found in Hela and HEK293 cells.
Xsiah-2 transcripts are maternally expressed and later localized in the nervous system and the eye
To address the function of Xsiah-2 during development we analyzed its temporal and spatial expression pro®le in Xenopus. Xsiah-2 transcripts are already detectable in the one cell stage and therefore represent a maternal component of the egg as shown using RT-PCR (Fig. 3A , ®rst lane). The mRNA is expressed throughout development until stage 40, which represents swimming larvae after organogenesis (Fig.  3A) . The in situ hybridization of a fertilized egg (Fig. 3B ) demonstrates that the transcripts are localized in the animal Fig. 1 . Comparison of sequence and structure of various siah/sina proteins. (A) The deduced amino acid sequences of Xenopus Xsiah-2, human (humsiah-2 and -1, Hu et al., 1997a) , mouse (msiah-2, -1A and -1B, Della et al., 1993) and Drosophila seven in absentia (sina, Carthew and Rubin, 1990) . Identical sequences are indicated by`:'. Gaps introduced to obtain optimal alignment are marked`±'. A shaded box indicates the RING-®nger domain. The cysteine rich domain (aa 149±164) and the C-terminal sequence, isolated using the two hybrid assay, are underlined. (B) Schematic presentation of the domain structure of Xsiah-2, humsiah-2 and sina. The RING-®nger, the cysteine rich region and the putative nuclear localization signal (NLS) are given in grey, striped and black boxes, respectively. Xsiah-2DC is a mutant encoding a truncated protein due to a premature stop codon at position 206. Percent (%) identity of domains is given.
hemisphere of the embryo, giving rise to the prospective ectodermal tissue. In stage 22 embryos ( Fig. 3C ) transcripts are restricted to the brain including rhomben-, mesen-and prosencephalon as well as the spinal cord. Expression in the brain and spinal cord is maintained in stage 28 (Fig. 3D ) and transcripts are also detectable in the eye vesicles that have evaginated from the prosencephalon. The neural crest cells positioned in the vicinity of the eye anlagen are also stained indicating Xsiah-2 expression. In stage 34 (Fig. 3E ) Xsiah-2 expression remains strong in the developing eye and the forebrain, is less intense in the branchial arches and disappears in the spinal cord. Fig. 3F shows a RT-PCR using RNA of a stage 39 embryo that was dissected into head, eye, a dorsal and a ventral middle part and tail. Obviously Xsiah-2 transcripts are enriched in the eye and also detectable in the whole embryo, head, and the middle dorsal part. In contrast no Xsiah-2 expression is found in the middle ventral part and the tail, con®rming the spatial distribution of Xsiah-2 transcripts as found by whole-mount in situ hybridization. We analyzed a section of a stage 26 embryo after in situ hybridization (Fig. 3G ) to localize Xsiah-2 transcripts in parts of the brain and found expression in the prosencephalon (pc) and the mesencephalon (mc). A section of a stage 32 embryo (Fig. 3H) shows that Xsiah-2 expression is still high in the prosencephalon and in all structures of the developing eye. Xsiah-2 transcripts are detectable in all cell types of the neural retina (nr) and the pigmented epithelium of the eye (pe) as shown in laser scan images of an eye derived from a stage 38 embryo (Fig. 3I,J) . Thus, Xsiah-2 represents a maternally expressed mRNA and its developmental expression pro®le ®ts to a potential function in brain and eye development.
Overexpression of Xsiah-2D C and Xsiah-2 results in the reduction of eye size
To examine whether Xsiah-2 participates in the process of eye formation we expressed in Xenopus embryos Xsiah-2DC, the vertebrate counterpart of the mutant responsible for eye defects in Drosophila. We coinjected the synthetic Xsiah-2DC RNA and an RNA encoding the green¯uores-cence protein (GFP) as tracer into one blastomere of the two-cell stage to restrict the expression of the protein to one-half of the body. The injected embryos that could be identi®ed due to GFP expression developed properly throughout gastrulation and neurulation and revealed no phenotype up to the time point when the pigmented eye appeared at stage 30. Fig. 4A shows a stage 36 larvae injected with Xsiah-2DC on the right side based on thē uorescence picture (Fig. 4C) . Clearly, this embryo reveals a striking reduction of the eye size on the injected side. The range of the eye reduction phenotype extends from an only 50% reduction to rare events with a complete lack of the eye on the injected side (Fig. 4B,D) . Histological analysis of the embryos demonstrates that the reduction of the eye does not depend on the de®ciency of a given structure, but is due to a reduction of all eye structures including the pigmented epithelium, retina and lens (Fig. 4E) . In some cases the eye was even completely missing (Fig. 4F) . We analyzed the expression of pax6, that is known to be the master regulator for eye development, that controls also the eye size (Schedl et al., 1996; van Raamsdonk and Tilghman, 2000) in Xsiah-2 overexpressing embryos of stage 20±24. However expression of pax6, determined using wholemount in situ hybridization, was unchanged according to intensity as well as to the spatial distribution (data not shown).
The Drosophila sina mutant that corresponds to Xsiah-2DC is discussed to act as a dominant negative protein via dimerization with the wild type protein forming a functional inactive complex (Carthew and Rubin, 1990; Hu and Fearon, 1999) . Such a mechanism is unlikely for the induction of the small eye phenotype in Xenopus by Xsiah-2DC, because the simultaneous expression of the full length Xsiah-2 protein does not result in a rescue of the phenotype. In contrast we have found that injection of Xsiah-2 mRNA causes an identical phenotype like Xsiah-2DC characterized by smaller eyes on the injected body side (Fig. 5) . The upper embryo in Fig. 5A shows a reduction of the size on the injected side, whereas a normal eye has developed on the not injected side (shown in Fig. 5C,D) . To ensure that the small eye phenotype is speci®c for the expression of the Xsiah-2DC or the Xsiah-2 protein and does not re¯ect the microinjection of RNA, we inserted four nucleotides into the Xsiah-2 cDNA creating a stop codon at position 13. Upon microinjection of this Xsiah-2 frameshift mRNA no reduction in eye size or any other developmental defect was observed (Fig. 5A, lower embryo) . As summarized in Table  1 the small eye phenotype was obtained in 33% of Xsiah-2DC injected embryos and in 30% of the Xsiah-2 overexpressing embryos. In contrast upon microinjection of Xsiah-2 frameshift mRNA only 2% of the injected larvae devel- (Nieuwkoop and Faber, 1975) . (B±E) In situ hybridization using a digoxygenin labelled Xsiah-2 antisense probe. The Xsiah-2 transcripts were visualized with a phosphatase-coupled a-digoxygenin antibody (B±D,G,H) or with an FITC-coupled a-digoxygenin antibody (I,J). Hybridization results of a fertilized egg (B), a lateral view of the late neurula stage 22 (C), a top view of the head region of a tailbud stage 28 (D) and lateral view of swimming larvae stage 34 (E), the anterior part to the right. The control embryo in (C) (stage 22) was hybridized with a sense probe. (F) RT-PCR to detect Xsiah-2 and ODC transcripts in a dissected stage 39 embryo. (G,H) Sections of a stage 26 (G) and a stage 32 (H) embryo after in situ hybridization with Xsiah-2 antisense RNA. (I,J) Laser scan images of an eye derived from a stage 38 embryo speci®cally stained for Xsiah-2 transcripts. Staining of the lens is due to auto¯uores-cence. a, animal; v, ventral; sc, spinal cord; b, brain; ev, eye vesicles; nc, neural crest cells; ba, branchial arches; pc, prosencephalon; mc, mesencephalon; nr, neural retina; pe, pigmented epithelium; nr, neural retina; l, lens.
oped eye defects, a frequency obtained after microinjection of GFP mRNA as well (Table 1) . Thus, the phenotype observed depends on the expression of the Xsiah-2DC and the Xsiah-2 wild type protein, implying that the normal function of Xsiah-2 in embryogenesis is connected with the developmental program specifying the eye.
To investigate whether the role of Xsiah-2 for vertebrate eye formation might depend on a functional interaction with DCoH/PCD we used coinjection experiments and found that the overexpression of DCoH/PCD did not alter the quality or quantity of the small eye phenotype (Table 1) . Vice versa the induction of ectopic pigment cells that is observed upon overexpression of DCoH/PCD in Xenopus (Pogge von Strandmann et al., 2000) , was not in¯uenced by injection of Xsiah-2. This data shows that Xsiah-2 and DCoH/PCD can act independently of each other during development, although a co-operative function of these factors in another context can not be excluded.
Discussion
In spite of structural differences, the development of the Drosophila and the vertebrate eye depends on the activity of highly conserved transcription factors as it has been established for example for Pax6, Six3/so, RX1 and Eya (for a recent review see Jean et al., 1998) . In this study we show that this holds also true for the seven in absentia gene product, a RING-®nger factor absolutely required for the formation of the R7 photoreceptor cells in the Drosophila ommatidium eye (Carthew and Rubin, 1990) . The mammalian genome contains at least two sina related genes probably re¯ecting the rising functional diversity of the sina gene product. The isolated Xenopus homologue clearly corresponds to siah-2 (85% identity), showing a degree of conservation that is higher than the conservation between Xsiah-2 and sina (67%). The sequence differences are sequestered in the domain characteristic for the diversity between mammalian siah-1 and -2, which is the N-terminus (amino acid 1±68), whereas the C-terminus is highly conserved between all seven in absentia genes. Therefore we suppose, that a siah-1 gene might also exists in Xenopus.
Until now nothing was known concerning the function of siah-2 during vertebrate development, but a role in vertebrate eye formation seemed possible from its expression pattern in mouse embryos that shows siah-2 expression in neural structures, predominantly in the anterior brain and later on in the eye (Della et al., 1993) . Our data substantiates that siah-2 is an early regulator of vertebrate eye development as it is expressed early in the developing eye and more strikingly interferes with normal eye development upon misexpression in the embryo. We have found that 30% of the Xsiah-2 overexpressing larvae acquire reduced eyes, characterized by the reduction of all eye structures and among these about 10% show stronger defects with complete lack of the lens, retina and/or the pigmented epithelium. This effect was not seen upon microinjection of a frame shift Xsiah-2 mRNA verifying that it is protein mediated. The fact that not all of the injected embryos attain the small eye phenotype might be due to the RNA microinjection technique into the one and two cell stage leading to a transient protein expression that varies in quantity and localization from one embryo to another.
Studies performed in Drosophila using transgenic¯ies (Neufeld et al., 1998) expressing sina ectopically under a photoreceptor speci®c promoter (Liu et al., 1996) describe a very similar eye phenotype, that we have found in Xenopus. In general the size as well as the pigmentation of the ommatidium eyes were reduced, whereas all of the typical cell types were formed and a disorganized eye structure was a rare event (Neufeld et al., 1998) . Taken together we ®nd an equivalent phenotype after overexpression of siah-2 in Xenopus. Recently in Drosophila the molecular function of sina has been de®ned (Tang et al., 1997; Li et al., 1997) : sina speci®es together with its interaction partner phyllopod the fate of the R7 photoreceptor cells via degradation of the neuronal repressor tramtrack using the ubiquitin/proteasome pathway. Tramtrack is expressed in non neuronal cone cells as well as in the presumptive neuronal photoreceptor cells and inhibits the photoreceptor differentiation. Although the vertebrate siah proteins can also mediate the ubiquitin dependant degradation (Hu et al., 1997b; Zhang et al., 1998; Hu and Fearon, 1999 ) a conservation of this molecular pathway seems unlikely as no vertebrate homologues of tramtrack or phyllopod are known. In coherence with differences in the molecular function of Xsiah-2 and sina, the phenotype caused by overexpression of the C-terminal Xsiah-2 deletion mutant in Xenopus is not equivalent to the phenotype described for the corresponding sina mutant in Drosophila (Carthew and Rubin, 1990) . The original C-terminal heterozygotic mutation in the sina gene is a dominant negative factor in Drosophila inhibiting the function of the wild type allele (Carthew and Rubin, 1990; Hu and Fearon, 1999; Chou et al., 1999) . The mutant¯ies show an accumulation of tramtrack in the brain and eyes, that causes a complete lack of differentiated R7 photorecptor cells. In contrast in Xenopus the corresponding mutant Xsiah-2DC induced a small eye phenotype reminiscent to the phenotype of the wild type siah-2 protein excluding a dominant negative effect. Moreover no rescue of the Xsiah-2DC small eye phenotype could be achieved by coinjection of Xsiah-2wt. We therefore assume, that the phenotype of Xsiah-2 as well as of Xsiah-2DC in Xenopus is caused by the increase of the factor during development. A critical role of the amount of a given factor essential for eye formation has been described also for other factors such as the transcription factor Pax6 (Schedl et al., 1996; van Raamsdonk and Tilghman, 2000) . In transgenic mice with increasing copies of Pax6 distinct malformations of the eyes were observed including also a reduction of the eye size, that was originally found in mice without functional Pax6 (Hill et al., 1991) . Thus the level of Pax6 is important for normal development of the eye and a similar situation may apply for siah-2. A contribution of DCoH/PCD to the role of Xsiah-2 in eye development seems unlikely, although these factors physically interact in the yeast. First of all we have found, that the interaction domain of Xsiah-2 is the C-terminus (170 nt) which is suf®cient and necessary for the binding of DCoH/PCD in the yeast two hybrid assay (data not shown). This domain is deleted in the Xsiah-2DC construct that induces the same phenotype as the wild type demonstrating that binding of DCoH/PCD is not involved. Secondly we found no alteration of the eye phenotype if DCoH/PCD is coinjected with Xsiah-2 and vice versa the formation of ectopic pigment cells induced by DCoH/PCD overexpression (Pogge von Strandmann et al., 2000) was not affected by coexpression of Xsiah-2. Thirdly transfection data performed in Hela and NIH3T3 cells have shown that DCoH/PCD is not a target of the siah-2 mediated protein degradation (data not shown). However, we cannot exclude a co-operation of siah-2 and DCoH/PCD in a distinct developmental context. This assumption is supported by the fact that both factors are maternally coexpressed in the animal hemisphere of the Xenopus egg and later on in the pigmented epithelium of the eye. As immunoprecipitation and GST pull down assays failed to demonstrate a direct physical interaction of the proteins in transfected cells or in vitro (data not shown), we assume that the yeast two hybrid assay re¯ects a weak interaction. In conclusion previous work and the data presented here may re¯ect the ability of Xsiah-2 as well as of DCoH/PCD to perform several and distinct functions in the organism depending on the availability of interaction partners at speci®c developmental stages in certain cell types.
Experimental procedures
4.1. Cloning of Xenopus seven in absentia homologue 2 (Xsiah-2)
To isolate proteins interacting with DCoH/PCD we inserted the DCoH/PCD cDNA in frame with the GAL4 DNA binding domain into the GBT9 vector (CLONTECH).
With this bait we screened a matchmaker Xenopus oocyte cDNA library using the GAL4 based Two-hybrid System from CLONTECH. One of ®ve isolated clones interacting with DCoH/PCD (among 5 £ 10 6 clones tested) contained a 1200 bp DNA fragment that showed 77% identity within 170 nucleotides to the C-terminus of the Drosophila sina (seven in absentia) cDNA. We used a 189 nt fragment containing the region of homology as a probe to isolate the full length cDNA from a lgt10 5
H STRECH oocyte cDNA library (CLONTECH). The inserts of two hybridizing clones were subcloned into the pBluescript II SK 1 vector (Stratagene) and sequenced with an ALF sequencer (Pharmacia). Computer analysis of the sequence data was carried out with HIBIO DNASIS. The nucleotide sequence called Xenopus siah-2 (Xsiah-2) has been submitted to the NCBI GenBank database under the accession No. AF155509.
Construction of Rc/CMV based expression vectors
fectamine (Gibco). The immuno¯uorescence was basically performed as previously described (Pogge von Strandmann et al., 1995) using the monoclonal His1 antibody diluted 1:10 as the primary antibody and a Cy3-conjugated secondary antibody (Jackson ImmunoResearch) that was visualized by¯uorescence microscopy. To perform Western blot analysis cell extracts with 20 mg protein were separated on 12.5% SDS gels and electrotransferred to a nitrocellulose membrane using TransBlot-SD (Biorad). The detection of recombinant proteins was performed using the His1 antibody and a horseradish peroxidase coupled antibody. Bound antibodies were visualized using the ECL-system (Amersham).
RT-PCR analysis
Total RNA was extracted with the RNA clean system (AGS) following the instructions of the manufacturer. RT-PCR of whole embryos was performed as previously described (Nastos et al., 1998) . Xsiah-2 transcripts were detected using the oligonucleotide 5 H -ATG AGC CGC CCG TCC TCT GCC GGA CCC TCG-3 H as forward primer and the oligonucleotide 5 H -TTA TGG ACA ACA TGT GGA AAT GGT TAC ATT-3 H as the reverse primer using an annealing temperature of 558C and 30 cycles. The detection of ornithine decarboxylase RNA (ODC) as a control was carried out as described (Nastos et al., 1998) .
Whole-mount in situ hybridization
Whole-mount in situ hybridization was performed as described (Harland, 1991 ) using a digoxygenin-labelled Xsiah-2 antisense RNA probe and the corresponding sense probe containing the entire coding region.
Embryos and microinjection of synthetic mRNA
In vitro fertilization and culture of Xenopus embryos were performed as described (Peng, 1991) . The expression vectors Rc/CMV-Xsiah-2 and Rc/CMV-DCoH/PCD (Pogge von Strandmann et al., 2000) were cut with NaeI and used as a template for in vitro transcription driven by the T7 polymerase. The pCS2 vector encoding GFP2 (green uorescence protein 2) was kindly provided by Enrique Amaya. Synthetic mRNA was obtained after linearization with PvuII and in vitro transcription using SP6 polymerase. Approximately 200 pg Xsiah-2 and DCoH/PCD capped mRNA were coinjected together with 100 pg GFP capped mRNA into one blastomere of two-cell-stage embryos. After injection embryos were kept for 1±2 h in 4% ®coll/ 0.1 MBS before they were transferred to 0.1 MBS. In the early neurula, embryos with strong¯uorescence were selected for further incubation. Injected embryos, harvested for histological analysis, were ®xed in MEMFA, embedded in paraf®n, cut in 10 mm sections, dewaxed in Histoclear and stained with Eosin/Hematoxylin.
